Introduction {#sec1-1}
============

*Staphylococcus aureus* is considered as the main pathogen among Gram-positive bacteria that cause nosocomial infections \[[@ref1]\]. The first case of clinical methicillin-resistant *S. aureus* (MRSA) was reported 58 years ago \[[@ref2]\]. *S. aureus* has become resistant to many commonly used antibiotics due to the improper use of antibiotics as well as to the genetic plasticity of MRSA \[[@ref3]\]. The development of antibiotic resistance has started with penicillin; this resistance was overcome with the use of penicillinase-stable methicillin. Later on, the widespread use of methicillin and their derivatives (such as methicillin, oxacillin, cloxacillin, and flucloxacillin) has led to the re-emergence of MRSA, which is very difficult to treat \[[@ref4]\]. The ability of *S. aureus* to cause a variety of serious infections in humans and animals is linked to the expression of a group of factors that cooperate in the pathogenesis of infection in humans or animals. These expression factors on the cell surface of *S. aureus* play an important role in its virulence. *S. aureus* attaching to the cell surface of the host cells is mediated by many adhesion factors. For example, the intercellular adhesion cluster (ica) ADBC operon plays an important role in biofilm formation \[[@ref5]\]. On the other hand, the expression of most virulent factors which plays a central role in the organism's ability to cause diseases \[[@ref6],[@ref7]\] is regulated by the quorum-dependent accessory gene regulator (agr locus) which expresses two primary divergent transcripts RNAII and RNAIII \[[@ref6]\]. The resistance mechanism against methicillin is acquired through the mec gene, which is a part of the staphylococcal cassette chromosome mec \[[@ref8]\]. Several MRSA strains also have shown resistance to vancomycin and teicoplanin, and these two antibiotics have often been used to treat MRSA infections \[[@ref9]\]. This has been linked to hospital-acquired colonization and the large increase in death and infection rates in nosocomial settings \[[@ref10]\].

In addition to the emergence of antibiotic resistance, there has been an increased interest in studying antimicrobial properties of essential oils (EOs) from plant extracts, due to the urgent need for new therapeutic agents. It is rational to expect a selection of plant compounds in these EOs with specific antibacterial activities \[[@ref11],[@ref12]\]. EOs (known as volatile oils) are aromatic liquid oils obtained from plant materials such as herbs, flowers, buds, leaves, wood, fruits, twigs, bark, seeds, and roots \[[@ref13],[@ref14]\]. EOs and other plant extracts have antibacterial, antifungal, antiparasitic, antiviral, antioxidant, anti-inflammatory, and anticarcinogenic characteristics and have been screened worldwide as possible sources of new antimicrobial compounds, as novel potential drugs to treat infectious diseases \[[@ref15]-[@ref21]\].

This study was designed to evaluate the effect of several commercially available EOs against clinical isolates of MRSA and to evaluate the inhibitory activity of EOs on the expression level of some virulence genes during the different growth stages of bacteria to test their potential for use as new therapeutic agents.

Materials and Methods {#sec1-2}
=====================

Ethical approval {#sec2-1}
----------------

Approval from the Animal Care and Use Committee was not required; this study did not work on humans or animals.

EOs composition and bacterial strains {#sec2-2}
-------------------------------------

This study was conducted in the Microbiology Research Laboratory of the Faculty of Veterinary Medicine, Jordan University of Science and Technology, from January to September 2017. Eight commercial EO blends (A-H) were used to determine their minimum inhibitory concentration (MICs) and MBCs. (1) Six of the EOs formulas (A-F) were supplied by Animal Wellness Products, Reggio Emilia, Italy. The chemical composition of the six EOs is presented in [Table-1](#T1){ref-type="table"}. (2) Digestarom^®^ P.E.P marked as EO (G) was commercially available from BIOMIN Holding GmbH, Austria. (3) MENTOFIN^®^ marked as EO (H) was commercially available from EWABO Chemikalien GmbH, Germany. All oils were stored at 4°C until used. MRSA strain (ATCC 43300) and clinical isolates of MRSA (marked as 1, 2, 3, D20, D9, 37, and 34) were obtained from Microbiology Laboratory, Department of Basic Medical Veterinary Sciences, Jordan University of Science and Technology.

###### 

Composition (%) of individual EOs.

  Composition                EO (A)   EO (B)   EO (C)   EO (D)   EO (E)   EO (F)
  -------------------------- -------- -------- -------- -------- -------- --------
  b- Pinene                  \-       \-       29.74    \-       \-       \-
  Carvacrol                  \-       62.50    \-       39.32    \-       46.29
  Carvone                    \-       \-       \-       37.75    67.14    44.44
  Dimethyl trisulfide        17.99    2.99     5.82     \-       18.87    \-
  Linalool                   57.60    \-       \-       \-       \-       \-
  Limonene                   11.07    \-       13.36    \-       \-       \-
  Menthol                    \-       26.24    51.08    \-       \-       \-
  Monoterpene hydrocarbons   \-       \-       \-       15.07    \-       \-
  Thymol                     13.34    8.27     \-       7.87     14.00    9.27

EO=Essential oil

Antibacterial activity assays {#sec2-3}
-----------------------------

### Disk diffusion assay {#sec3-1}

Screening of EOs for antibacterial activity was determined using disk diffusion susceptibility method according to the standard protocols of Clinical and Laboratory Standards Institute (CLSI, 2014), selected MRSA strains were cultured overnight in Mueller-Hinton Broth (MHB) (Oxoid, UK), after that, bacterial cultures were adjusted to McFarland turbidity standard (0.5) with MHB. A sterile cotton swab was immersed in bacterial suspension and was used to streak on the surface of Mueller-Hinton Agar (MHA) plates (Oxoid, UK). Fifteen µL of each EO was impregnated on a sterile blank disc (Whatman disc, 6 mm diameter) (Oxoid, UK). All discs were dried in a laminar flow hood for around 45min before they placed onto the inoculated plates. Then, plates were incubated for 15min at room temperature followed by overnight incubation at 37°C. After 24h of incubation, the inhibition zone diameter was measured in millimeters. All experiments were performed in triplicates.

MIC and minimum bactericidal concentration (MBC) determination {#sec2-4}
--------------------------------------------------------------

The inoculum was prepared as described in disk diffusion assay and was then diluted 10-fold to reach a final concentration of 5×10^6^ CFU/ml. The antimicrobial activity against the following MRSA strains was examined: Reference strain of MRSA (ATCC 43300), clinical isolates of MRSA strains (37 and 1). The MIC of all EOs was determined by broth microdilution method using 96-well microtiter plates according to the standard protocols of (CLSI, 2014) with some modification. Briefly, the inoculum was prepared as described above. A2-fold serial dilution of each EO stock (50 µl) in MHB (Oxoid, UK) was prepared in 96-well microplates except the last two columns, which served as negative controls (bacterial inoculum and MHB without EO). Fifty µL of prepared bacterial suspensions (1×10^6^ CFU/ml) were added to each well to reach a final concentration of approximately 5×10^5^ CFU/ml. After 24h of incubation at 37°C, MIC was determined as the lowest concentration of the EO inhibiting visible bacterial growth. The MBC was determined by subculturing 100 µl onto MHA (Oxoid, UK) from wells showing no turbidity next to the MIC well. The MHA was incubated at 37°C for 24h and the lowest concentration without apparent microbial growth was considered as the MBC. Values are the averages of three independent experiments.

Growth curve and EOs treatment {#sec2-5}
------------------------------

Growth curves of MRSA used in this study were constructed to determine the time points by which the treatment with the selected oil can be applied. Late exponential phases of growth were best selected due to the stability and non-fragility of the strains \[[@ref22]\]. To determine the expression of resistance and virulence genes in different growth phases (different time points) of MRSA (ATCC 43300) without treatment, the growth of the cells was monitored by measuring the OD at 600nm wavelength values at the time points of 2, 4, 6, 8, and 10h. Based on the results of MIC antimicrobial activity against MRSA (ATCC 43300), EOs (A) and (E) were selected. Furthermore, according to the growth curve assay, three time points were determined to harvest the pellets at 2, 5, and 8h. For RNA isolation, overnight cultures of MRSA (ATCC 43300) were inoculated in three flasks 250ml each one containing 150ml MHB II. The cultures were adjusted by spectrophotometer at an initial density OD of 0.05 at 600nm wavelength, and then, 1/3 MIC (V/V) of EO (A) or (E) was added to two flasks (one for EO \[A\] and the other for EO \[E\]). After that, cultures were incubated at 37°C with shaking at 160rpm. Cultures with or without EOs were incubated aerobically at 37°C and shacked at 160rpm using shaking incubator and were harvested by centrifugation after 2, 5, and 8h at 4°C. Samples were collected and processed to analyze RNA samples at three time points (2, 5, and 8h) as described in the growth curve assay.

RNA preparation {#sec2-6}
---------------

### Total RNA extraction {#sec3-2}

Bacterial RNA extraction was carried out using an RNeasy^®^ Protect Bacteria Mini Kit (Qiagen, Germany) according to manufacturer's instructions with minor modification as summarized hereafter: The bacterial cells were pelleted by centrifugation at 4000rpm for 20min. The stabilized cell pellets were resuspended in 1ml of Trizol reagent (Tri Reagent^®^ solution, Thermo Fisher Scientific, USA) and used immediately. To destroy the bacterial cell wall, the suspension was sonicated for 10 s, 4times by ultrasonic probe sonicator (RS, USA) and then vortex vigorously. The suspension was transferred to 1.5ml Eppendorf tube, centrifuged for 1min at 10000rpm, and the supernatant was transferred to the new 1.5ml Eppendorf tube. An equal volume of absolute ethanol was added and mixed with the pipette. Total volume of 700 µl was transferred to an RNeasy Mini Spin Column placed in 2ml collection tube. The rest of the steps follow the kit manufacturer's instructions. Finally, RNA was eluted by adding 40 µl of RNase-free water and immediately stored at −70°C until further analysis.

Reverse transcription (RT) reaction {#sec2-7}
-----------------------------------

cDNA was synthesized from purified RNA of EO (A) and (E) treated and untreated samples using QuantiTect^®^ Reverse Transcription Kit (Qiagen) according to the manufacturer's instructions. cDNA was stored directly at −20°C for subsequent real-time polymerase chain reaction (PCR).

Quantitative real-time PCR (qRT-PCR) reaction {#sec2-8}
---------------------------------------------

SYBR green dye was used to perform the real-time reaction on a Rotor-Gene Q Cycler^®^ (Qiagen). The primers of genes tested in this study are presented in [Table-2](#T2){ref-type="table"}. The amplification program was as follows: 95°C for 5min followed by 40cycles of 10 s at 95°C and 30 s at 60°C. The 16S rRNA gene was used as a housekeeping gene. Each cDNA sample of both EOs treated and untreated bacteria was analyzed in triplicates. Fold change in the expression of the genes due to EO treatment was calculated based on ∆∆C~T~ method \[[@ref23]\].

###### 

Primers used in this study.

  Name                                      Sequence
  ----------------------------------------- ----------------------------------------
  mecA                                      F; 5′-TCCAGATTACAACTTCACCAGG-3′
  R; 5′-CCACTTCATATCTTGTAACG-3′             
  ica-9                                     F;5'- TCGCACTCTTTATTGATAGTCGCTACGAG-3'
  R;5'- TGCGACAAGAACTACTGCTGCGTTAAT-3'      
  ica-15                                    F;5'- CGACGTTGGCTACTGGGATACTGATATGA-3'
  R;5'- AAATGCGACAAGAACTACTGCTGCGTTAAT-3'   
  RNAIII                                    F; 5'-GATGTTGTTTACGATAGCT-3'
  R; 5'-TTCAATGGCACAAGATATC-3'              
  16S rRNA                                  F; 5'-CTGTGCACATCTTGACGGTA-3'
  R; 5'-TCAGCGTCAGTTACAGACCA-3'             

ica=Intercellular adhesion cluster

Statistical analysis {#sec2-9}
--------------------

All the experimental results were performed in triplicates and the results were expressed as mean±standard deviation for every type of bacterium. Calculations were performed using Microsoft Excel 2016 software.

Results {#sec1-3}
=======

Antibacterial activity of EOs {#sec2-10}
-----------------------------

In the present study, the antimicrobial activity of eight different commercially EO (A-H) blends was screened *in vitro* against clinical MRSA isolates, using the disk diffusion method. The results of this experiment are shown in [Table-3](#T3){ref-type="table"}. The results revealed that the selected EOs showed varying values of antibacterial activity. In general, most of the tested organisms were sensitive to different types of EOs. Out of eight EOs tested, seven showed antibacterial activity against one or more bacterial strains. EO (A) showed the highest antimicrobial activity against all tested pathogenic MRSA (the range of inhibition zone from 16.7mm to 21mm) followed by EOs (E) (from 12.66mm to 15.00mm) and then (D) (from 11.66mm to 16.00mm). The lowest inhibition zone was observed in EO (C) with inhibition zone range (from 8mm to 12.66mm). In the case of EO (H), there was no observed antimicrobial activity. Values are the averages of three independent experiments.

###### 

Inhibition zone diameter in mm as established by disk diffusion method.

  EOs   ATCC 43300                         MRSA D9                            MRSA D20                           MRSA 34                            MRSA 37                            MRSA 1                             MRSA 2                             MRSA 3
  ----- ---------------------------------- ---------------------------------- ---------------------------------- ---------------------------------- ---------------------------------- ---------------------------------- ---------------------------------- ----------------------------------
  A     20.33±3.21                         16.66±4.50                         17.66±2.51                         20.66±3.78                         21.00±2.64                         16.66±1.52                         17.33±4.16                         17.33±2.51
  B     11.66±2.51                         10.00±0.00                         08.66±1.15                         11.00±2.64                         15.66±2.88                         13.00±2.64                         13.00±4.35                         10.00±0.00
  C     12.33±1.52                         08.00±0.00                         08.00±0.00                         08.33±0.57                         08.66±1.15                         12.66±5.03                         12.00±4.35                         09.00±1.00
  D     16.00±2.64                         13.33±1.15                         11.66±1.52                         12.66±1.52                         13.33±2.51                         13.66±0.57                         14.66±0.57                         12.00±0.00
  E     15.00±2.64                         14.00±1.00                         12.66±1.15                         15.00±1.00                         13.66±0.57                         15.00±1.00                         15.00±1.00                         15.00±2.64
  F     08.66±0.57                         10.66±1.15                         08.66±0.57                         10.66±3.78                         13.33±4.16                         09.66±0.57                         08.33±0.57                         10.66±4.61
  G     12.66±1.15                         11.66±1.15                         11.66±0.57                         12.33±1.52                         11.33±2.3                          11.66±0.57                         11.00±1.00                         09.33±1.52
  H     [\*](#t3f1){ref-type="table-fn"}   [\*](#t3f1){ref-type="table-fn"}   [\*](#t3f1){ref-type="table-fn"}   [\*](#t3f1){ref-type="table-fn"}   [\*](#t3f1){ref-type="table-fn"}   [\*](#t3f1){ref-type="table-fn"}   [\*](#t3f1){ref-type="table-fn"}   [\*](#t3f1){ref-type="table-fn"}

Values are mean inhibition zone (mm)±SD of three replicates. The diameter of the filter paper disks (6 mm) is included.

No inhibition zone formation. EO= Essential oil, MRSA=Methicillin-resistant *Staphylococcus aureus*, SD=Standard deviation

MIC and MBC {#sec2-11}
-----------

The MIC and MBC average of the eight EOs are shown in Tables-[4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}, respectively. In agreement with the disk diffusion results, most of the EOs showed antimicrobial activity against selected pathogenic bacteria. Among all strains used in this study, reference strain of MRSA (ATCC 43300) was the most susceptible bacteria followed by clinical isolates of MRSA 37 and 1, respectively. For a more detailed of MRSA (ATCC 43300), EOs (E), (D), and (G) have shown the most effective antibacterial activity with MIC (0.4, 0.65, and 0.89 µl/ml) and MBC (1.54, 0.97, and 6.02 µl/ml, respectively) followed by EO (A), (B), (C), and (F), respectively. Finally, EO (H) showed the lowest effective antibacterial activity against MRSA (ATCC 43300) with MIC and MBC of 31.25 µl/ml. In the same order of activity for MRSA (37), EOs (G) and (D) have shown the highest antibacterial activity followed by EOs (A) and (E). While for MRSA (1), EO (G) had shown the highest antibacterial activity followed by EO (A). Most of the EOs had MBC values that were higher than their MIC, which indicates that these EOs are not bactericidal at the MIC.

###### 

MIC (μl/mL) of EOs against three MRSA bacteria using microdilution method.

  EOs   ATCC 43300   MRSA 37     MRSA 1
  ----- ------------ ----------- -------------
  A     3.90±3.38    1.95±1.49   2.76±1.97
  B     3.9±0.00     2.60±1.12   4.23±3.42
  C     6.51±2.25    6.51±2.25   5.85±3.38
  D     0.65±0.28    0.73±0.42   5.69±8.60
  E     0.40±0.14    1.38±0.98   6.02±8.34
  F     6.51±2.25    2.60±1.12   5.85±3.38
  G     0.89±0.92    0.65±0.28   0.40±0.14
  H     31.25±0.00   62.5±0.00   16.92±13.71

Values are MIC (μl/ml)±SD of three replicates. EO=Essential oil. MRSA=Methicillin-resistant*Staphylococcus aureus*, MIC=Minimum inhibitory concentration. SD=Standard deviation

###### 

MBC (μl/mL) of EOs against tree MRSA bacteria using microdilution method.

  EOs   ATCC 43300   MRSA 37      MRSA 1
  ----- ------------ ------------ -------------
  A     6.51±7.89    3.90±0.00    4.06±3.66
  B     5.20±2.25    20.83±9.02   5.53±3.94
  C     9.11±5.96    20.83±9.02   8.46±6.85
  D     0.97±0.84    0.73±0.42    5.69±8.6
  E     1.54±2.04    1.62±0.56    6.02±8.34
  F     9.11±5.96    15.62±0.00   5.85±3.38
  G     6.02±8.34    5.85±3.38    0.97±0.84
  H     31.25±0.00   62.5±0.00    16.92±13.71

Values are MBC (μl/ml)±SD of three replicates. MBC=Minimum bactericidal concentration, EO=Essential oil, MRSA=Methicillin-resistant *Staphylococcus aureus,* SD=Standard deviation

Expression levels of virulence genes quantified by qRT-PCR {#sec2-12}
----------------------------------------------------------

The qRT-PCR was performed only in samples collected after 8h, because the pellet size after 2 and 5h was too small to perform the RNA extraction. The relative threshold cycle (C~T~) method was used to analyze the results. The expressions of examined virulence gene were significantly down-regulated in samples treated with EO (E) compared to control. These results indicate that intercellular adhesion genes ica-9 and ica-15 were down-regulated by 17.83 and 4.94 folds, respectively. The relative expression levels of RNAIII in sample treated with EO (E) showed down-regulation by 1.71 folds. Similarly, the level of intercellular adhesion gene ica-9, intercellular adhesion gene ica-15, and RNAIII was decreased by 1.97-2.05-3.74 folds, respectively, in samples treated with EO (A) ([Figure-1](#F1){ref-type="fig"}).

![Relative expression of RNAIII, intercellular adhesion cluster (ica)-9, and ica-15 in *Staphylococcus aureus* (ATCC 43300) was cultured with 1/3minimum inhibitory concentration of essential oils (A) and (E) to the post-exponential growth phase (t=8h). Transcript levels were monitored by quantitative real-time polymerase chain reaction as described in the Materials and Methods. The relative gene expression levels were normalized to 16S rRNA, and the drug-free culture was used as a calibrator. Value \>0 indicates upregulation and \<0 indicates down-regulation.](Vetworld-13-669-g001){#F1}

Discussion {#sec1-4}
==========

With increasing resistance of microorganisms to the currently used antibiotic drugs and the high cost of production of new synthetic compounds, pharmaceutical companies are now looking for antibiotics alternatives. Medicinal plants could be a good alternative because most of them are safe with little side effects and less cost and affect a wide range of antibiotic-resistant microorganisms. Within all eight tested EO blends, there was a variation in their antibacterial activity against most tested bacteria, and this variation could be related to the differences in their contents of active ingredients, which are different from blend to other, that is, mean each EO contains components that may not exist in the other one. Indeed, several factors such as temperature, inoculum size, strain, and test methods could change the MIC values. In addition, it is difficult to monitor the rate of solubility of natural EOs \[[@ref24]\]. Based on that, an attempt was made to keep all the experimental conditions identical to compare the results of our study. Interestingly, among all MRSA strains used in this study, reference strain of MRSA (ATCC 43300) was found as the most susceptible bacteria, which being sensitive to all assayed EOs. According to the literature, EOs contained many ingredients and their antimicrobial activity cannot be certain depending only on the action of one component \[[@ref25]\]. The ability of *S. aureus* to cause a variety of serious infections in humans is linked to the expression of a group of agents that cooperate in the pathogenesis of infection in humans or animals\[[@ref26]\]. These agents lead to adhesion of this bacterium to the surfaces of host tissue, invasion or avoidance of the immune system, and causing damage in the host by the effects of its toxins \[[@ref27],[@ref28]\]. These agents are known as virulence factors and are divided to adherence or exotoxin factors. Therefore, clinically, performance of antimicrobial drugs used in the treatment of *S. aureus* infections not only depends on the respective bacteriostatic or bactericidal nature of the antibiotic but also on the alternate strategy that targets bacterial virulence factors (e.g.enterotoxins, hemolysins, and adhesins) \[[@ref29]\]. Several studies have investigated the changes in gene expression patterns that exhibit little or no influence in response to antibiotics at the sub-MIC concentrations. Ohlsen *et al*. found that sub-MIC of various antibiotics modulates the expression of the hla gene, encoding staphylococcal alpha-toxin (hla) \[[@ref30]\]. Another study by Koszczol *et al*. \[[@ref31]\] suggested that sub-MIC quinupristin/dalfopristin inhibits virulence factors release by *S. aureus* (e.g.autolysin, protein A, and b-hemolysins, lipases). The effect of antibiotics on regulation of virulence factors may result in either disturbance or attenuation of the infection. Indeed, plant EOs have a multicomponent nature, it is more difficult for bacteria to develop resistance than many common used antibiotics, which have a single target site \[[@ref32],[@ref33]\]. Many studies demonstrated that some plant EOs (e.g.,oils of cinnamon, bay, and clove) can suppress the production of virulence factors when used at sub-MIC concentrations \[[@ref32]\]. For example, sub-MIC concentrations of thymol plant decreased exotoxin production in *S. aureus*, possibly in part due to inhibition of the agr locus \[[@ref34]\]. The expression of most *S. aureus* virulence factors is regulated by a network of interacting regulators, such as agr, staphylococcal accessory regulator A, and staphylococcal accessory element (sae) \[[@ref29]\]. The previous studies have shown that sub-MIC concentrations of antibiotics can affect the translation of certain regulatory gene products in *S. aureus*, which, in turn, alter the transcription of toxin-encoding genes. The pathogenicity of *S. aureus* is a complicated process that involves a various set of cell wall and extracellular components working in coordination over several stages of infection \[[@ref26]\]. The systems of *S. aureus* (two-component regulatory) involve agr\[[@ref35]\] and sae \[[@ref36]\]. The agr locus regulates the expression of the gene coding for small RNA, recognized as RNA III, also known as hld, and encodes for delta-hemolysin. The RNAIII is an effector molecule of agr locus and it works as sensor to the agr locus in response to environmental conditions \[[@ref37]\]. In addition, the agr locus regulates the expression of many virulence factors. For example, it is responsible for down-regulation of cell wall-associated proteins synthesis such as FnbpA, FnbpB, and SpA and upregulation of the expression of several exoproteins such as α-hemolysin, serine proteinase, toxic shock syndrome toxin-1, enterotoxins, and proteases \[[@ref38],[@ref39]\]. The sae locus codes are responsible for regulating the expression of several virulence factors including bacterial adhesion, toxicity, and immune evasion \[[@ref40]\]. This includes the upregulation of α-, β-, and γ-hemolysins \[[@ref41]\] and the down-regulation of SpA \[[@ref42]\]. In this study, quantitative RT-PCR was used to investigate the influence of EOs on the RNAIII which is a part of the agr locus and at the same time, it is responsible for activating it in *S. aureus*. The results of this study detected a reduction in expression of RNAIII when *S. aureus* strain (ATCC 43300) was cultured with 1/3 MIC of EO (A) by 3.74 fold and (E) by 1.71 fold. Therefore, we believe that the reduction in the production of agr locus, in part, depends on the inhibition of the RNAIII induced by EOs (A) and (E) that might lead to suppress or reduce the effect of *S. aureus* virulence factors. The ica ADBC operon was first identified in *S. epidermidis* and then in *S. aureus*. The ica locus is a portion of the "accessory genes" of bacterial genome, but not present in all bacterial strains. The ica gene plays an important role in biofilm formation in response to stress factors, a developmental process that requires polysaccharide intercellular adhesion \[[@ref5]\]. Absent of the ica locus results in an incapacity to produce polysaccharide intercellular adhesin and leads to prevent biofilms formation \[[@ref5]\]. This biofilm makes the bacteria more resistant to antibiotics. Interestingly, our results indicated that the expression level of ica-9 and ica-15 was significantly down-regulated when MRSA (ATCC 43300) was cultured with 1/3 MIC of EO (E) by 17.83 of ica-9 and 4.94 fold of ica-15. While, the ica-9 and ica-15 expression levels were less affected by EO (A) with 1.97 fold of ica-9 and 2.05 fold of ica-15. In agreement with our results, Yadav *et al*. \[[@ref43]\] demonstrated that ica gene of MRSA was significantly down-regulated by 1.3, 6.1, and 3.4 folds at 24, 36, and 48h post-treatment of eugenol oil. Therefore, we believe that EO (E) interferes in the expression of ica genes that are related to biofilm formation. This leads to suppression of the virulence factors of MRSA (ATCC 43300) and, therefore, decreases its pathogenicity and resistance to treatment of the infected host. The efficacy of EOs against the MRSA in this study has yet to be confirmed through further researches for their role in MRSA biofilm eradication and to conduct further *in vivo* trials.

Conclusion {#sec1-5}
==========

These encouraging results indicate that these EOs can be utilized as a natural antibiotic for the treatment of MRSA disease.
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